###### Strengths and limitations of this study

-   The strengths of this scoping review include the timeliness of its topic and the use of systematic methods for identifying, selecting and extracting data from academical and grey literature with support from a management and health sciences librarian.

-   The review is also strengthened by meaningful stakeholder engagement. One knowledge user (MF-K-F) has led the creation of a successful regional learning health system focused on cancer care, while the other (JK) is a health informatics expert who has led multiple medical informatics development and implementation projects. Both stakeholders are also physicians.

-   The limitations of this review are the possibility of missing relevant records as a result of limiting the search strategy to records self-identified as learning health system (LHS), the possibility of including records that do not fully correspond to LHSs and the absence of quality assessment of selected records in scoping review methods.

Introduction {#s1}
============

Health systems in North America and Europe have been criticised for their lack of safety, efficiency and effectiveness despite rising healthcare costs, seen to arise in large part from a significant lag between biomedical discovery and care implementation.[@R1] In response, a number of researchers and healthcare leaders proposed to leverage the huge volumes of data contained within electronic health records (EHRs) by using advanced computing capabilities to enable rapid learning within health systems.[@R3] This vision to transform current health systems into learning health systems (LHSs), also called rapid-learning health systems,[@R2] was first articulated by the Institute of Medicine (IoM) in 2006 as a call for 'the development of a continuously learning health system in which science, informatics, incentives and culture are aligned for continuous improvement and innovation, with best practices seamlessly embedded in the delivery process and new knowledge captured as an integral by-product of the delivery'.[@R4] This vision, which stands as the most authoritative definition of LHSs was revised in 2013 by integrating patient-clinician partnerships and the identification of both effectiveness and efficiency of care as a result of real-time improvement.[@R5]

Digital health data and related technology are taken to provide the information backbone and transformational power for LHSs by generating timely evidence and supporting best care practices.[@R6] As such, a LHS can be understood as a cyber-social ecosystem in which digital technology is a support and catalyst for information processing.[@R7] Digital technology refers to the hardware and software that can process and transmit digital information. Examples of digital technology that can be used in LHSs include EHRs, databases, analytics tools and visual dashboards.

The IoM vision has fostered the emergence of numerous LHS initiatives at different scales and scope across the world.[@R8] Despite these early innovations, many challenges remain in implementing required changes, including how best to use new technology for comparative effectiveness research, the access to and safe storage of patient-level data and full interoperability among EHR systems and third-party apps and software.[@R7] Moreover, the type of digital technology used in LHS initiatives can vary widely, from existing operational and clinical systems,[@R10] to data warehouses and analytics interfaces developed specifically for the initiative.[@R12] As a result, it is difficult to assess if digital technology is being leveraged to develop and implement an infrastructure for LHSs as it had been envisioned.[@R6]

There have been recent attempts at synthesising knowledge about LHSs through various types of literature reviews. However, most of them do not focus on digital technology and instead examine core competencies of LHS researchers,[@R13] ethical issues raised for stakeholders[@R14] or characteristics of and gaps in region-specific rapid-learning health systems.[@R15] Other reviews present information related to digital technology, but they do not provide the detailed and comprehensive information needed to understand its role in current LHSs. For example, a systematic literature review that summarises attempts at implementing the LHS paradigm and evaluating its impacts on medical practice identifies three approaches at implementing LHSs that rely at least in part on digital technology (eg, clinical data reuse), but only provides limited information on the technologies being used within each approach.[@R16] A similar example is a comprehensive review resulting in an LHS taxonomy in which a research approach such as comparative effectiveness research is categorised on par with a digital technology such as clinical decision support systems.[@R17] Another study combines a literature review with expert interviews and focus groups to assess the impact of different types of LHSs on quality within healthcare providers[@R18]; as part of its results, the study identifies six types of LHSs that combine technology-based and methods-based categories (eg, clinical decision support and comparative effectiveness research).

This paper presents a protocol for a scoping review that examines the extent and use of digital technology within self-identified LHSs. The purpose of this scoping review is to identify gaps in the literature as a means to guide future research on this topic. It is thus limited to self-identified LHSs since literature that does explicitly refer to LHSs is unlikely to conceive of outputs and structures in line with the IoM vision. The research aim will be answered by addressing the following objectives: (1) Identify the types of digital technology used or proposed for use in LHSs, (2) Summarise their development and context of use and (3) Describe the ways in which digital technology supports LHSs. The first objective serves to clarify the scope of the review by anchoring the concept of 'digital technology' in a classification of health information technology and systems derived from the literature.[@R19] The second objective will provide an overview of how digital technology is developed and used within LHSs. The third objective will allow for mapping the use of digital technology in terms of the types of LHSs and the phases of learning being or proposed to be supported by digital technology.[@R17] Other uses of digital technology within LHSs may emerge through data charting, resulting in a framework providing a 'best fit' to evidence in the literature.[@R25]

Methods {#s2}
=======

A scoping review is ideal for the research aim because it allows for a synthesis of information from both grey and academical literature, thereby ensuring that the latest research initiatives are captured and accounted for.

We follow Arksey and O'Malley's framework for undertaking scoping reviews,[@R26] as well more recent recommendations on how to improve it.[@R27] We follow these methods to articulate the stages of the review process: (1) Identifying purpose and research question, (2) Identifying relevant records, (3) Selecting records, (4) Charting the data, (5) Collating, summarising and reporting the results and (6) Consulting with relevant stakeholders to interpret findings.[@R26] These stages are meant to be applied in an iterative manner, where researchers may revisit initial decisions and repeat some of the steps as they become more familiar with the literature.[@R26] The results of applying the records identification and selection methods will be communicated using a Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.[@R30]

Records identification {#s2a}
----------------------

The search strategy was developed by an experienced health sciences and management librarian (ASz) in consultation with review authors, including two knowledge users (MF-K-F and JK). In line with guidelines for conducting scoping reviews,[@R29] the search strategy was piloted and refined by executing an initial limited search. Specifically, searches using broad terms ('learning health' AND (digital OR technolog\*)) were executed in MEDLINE and Scopus, and the titles and abstracts of the most relevant results were analysed to identify any additional terms to be added. However, given the variation in terms used to refer to digital technology and the manageable size of the body of literature on LHSs, only variations of the term LHSs will be used for the final search strategy. Synonyms and variations of the term 'learning health system' were derived from seminal literature on this topic.[@R2] The search strategy used in MEDLINE is available as an online [supplementary file 1](#SP1){ref-type="supplementary-material"}. The search terms will be adapted for use with other bibliographical databases as appropriate.
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Since relevant literature may be published in health, informatics and information technology publications, we will search the following electronic bibliographical databases: MEDLINE (OVID), Cochrane Database of Systematic Reviews (OVID), Health Technology Assessment (OVID), ABI/INFORM (Proquest) and Scopus. Two reviewers will independently hand-search the journal 'Learning Health Systems', manually applying the same eligibility criteria to the titles and abstracts of each published volume. The reference lists of included records and published systematic or scoping reviews on LHSs will be independently screened by two reviewers. The search strategy was validated by ensuring that a preselected key set of relevant articles were retrieved when the search was executed. Five hundred and forty-nine articles were identified when the search was first piloted in MEDLINE (OVID).

The search strategy for grey literature follows guidelines for applying systematic review search methods to the grey literature[@R31] and documenting the results in a transparent manner.[@R33] We will use five different search strategies for grey literature: (1) grey literature databases, (2) the Grey Matters checklist created by the Canadian Agency for Drugs and Technology in Health[@R34], (3) customised searches in Google, (4) targeted websites and (5) consultation with experts. Grey literature databases include Open Grey, Proquest Dissertations & Thesis Global and New York Academy of Medicine's Grey Literature Report.[@R32] Targeted websites include the American Medical Informatics Association (AMIA) knowledge centre and the websites of identified agencies and organisations known to advance LHS research (eg, Cancer Care Ontario, BORN Ontario, BC Cancer Agency, Cancer UK, the Agency for Healthcare Research and Quality, Kaiser Permanente, UnitedHealth Group, InterMountain Healthcare, PCORnet, the TRANSFoRm Project EU, the UK Learning Healthcare Project). To manage the scope of searches through Google, we will follow recommendations to review the first ten pages of each search's hits, so as to capture the most relevant hits while maintaining feasibility.[@R31] Experts in the field of learning health systems will be contacted to help identify additional published or unpublished work. Grey literature will be searched after academical literature has been selected for inclusion. Doing so will ensure that reviewers have become well-acquainted with the type of content relevant for the review.

The search will be restricted to English-language publications records published from 1 January, 2007, up to the search date; this limit reflects the year in which the IoM published its seminal report on LHS[@R35] and has been used in other systematic or comprehensive reviews of LHSs.[@R17] We will not restrict by study type. All decisions made during the search process, including any decision to limit the scope of the search for reasons of feasibility, will be duly recorded, justified and communicated with the results of the review. Endnote software will be used to store and manage the bibliographical information of identified articles and report.

Records selection {#s2b}
-----------------

Records selection will follow a two-phase process.[@R29] In the first phase, two reviewers will independently apply inclusion and exclusion criteria to the title and abstract of identified articles and reports (or to the introduction sections of identified records when an abstract is not provided). Records that describe the use or proposed use of any digital technology in the context of any LHSs will be included. Records that mention one or more terms related to LHSs, but where LHSs are not the context or focus of the study, will be excluded. Each identified record will be marked as 'include', 'exclude' or 'uncertain' by each reviewer.

In the second phase, records marked as 'include' and 'uncertain' will be reviewed independently by each reviewer in full text and assessed against the same inclusion and exclusion criteria. An additional exclusion criterion to be applied at this stage will concern the presence of sufficient information on digital technology and its context of use or proposed use. This is an important dimension for this review, since mere mentions of a digital technology in an article or report on LHSs would not allow charting the data in an appropriate manner. Records will thus be assessed in terms of the presence of: (a) a description of at least one digital technology and (b) a description of how that technology is or could be used in a LHS. Based on these criteria, records will be marked as 'include' or 'exclude' by each reviewer.

A pilot-tested screening form developed for this review will be used throughout the process. Record selection will be supported by the software package DistillerSR, which is an online software that supports the screening process of systematic reviews (<https://www.evidencepartners.com/products/distillersr-systematic-review-software/>). Reviewers will meet regularly during the record selection process to discuss any challenges and disagreements over the eligibility of particular records in the first or second phase. The inter-rater reliability of their screening decision at each screening phase will be calculated using Cohen's kappa and communicated with the results of the review. Discrepancies, hence records for which reviewers reach different decisions, will be resolved through discussions and, if necessary, reviewers will consult a third reviewer to resolve any ambiguity or disagreement. Discussions could lead to modifications to inclusion and exclusion criteria. Any change thereof will be duly recorded and communicated with the results of the review.

Data charting {#s2c}
-------------

Data charting refers to the extraction and organisation of qualitative data from selected records according to key issues and themes, a process called data extraction in systematic literature reviews.[@R26] A data charting form will be created in order to extract the following information from each eligible paper:Bibliographical information (eg, authors, year of publication, source).Type of content (eg, theoretical, empirical).Type of digital technology (eg, EHR, decision support system, computerised provider order entry, electronic results reporting, laboratory information system, wearable devices[@R19]).Activities related to the development process of each identified digital technology (eg, planning, designing, developing, testing, etc).Types of data inputs for each identified digital technology (eg, clinical data, health service operations and financial data, public health programmes, patient-reported data[@R37]).Context of use of each identified digital technology (eg, location, scale of health system, disease, health and patient-reported outcomes, number of users, user roles).Consequences of use of each identified digital technology within a LHS (eg, intended,[@R38] unintended[@R39]).Degree of implementation of each identified digital technology (eg, none, concept, prototype, pilot implementation, full implementation).Presence and method of evaluation of the effectiveness of each identified digital technology.Type of LHS supported or proposed to be supported by each identified digital technology (eg, deviance identification, risk modelling, clinical decision-making, intelligent automation[@R16]).Phase(s) of learning supported or proposed to be supported by each digital technology (eg, decision to study, data aggregation, data analysis, data interpretation, feedback to decision-makers, practice change, measurement of change impact[@R24]).

The use of a pre-defined form for charting data facilitates subsequent summarising of extracted information[@R28]; specifically, we use a directed approach where initial categories are defined from extant literature or theory, but where additional categories can be identified through examination of a corpus.[@R40] The charting form will be piloted on five of the selected records and improved as needed prior to full data charting. At this stage, the ability to answer the scoping review's questions from extracted data will be assessed by the research team to ensure that the evidence base enables achieving the scoping review's objectives. Changes to the form or a revision of the research question and research objectives may follow.

Following best practices for charting data,[@R27] two reviewers will then independently and in duplicate review a small sample of selected articles to determine whether their approach to data extraction is consistent, discussing any discrepancies and making necessary changes to the charting form. Data charting of the remaining selected articles and reports will not be executed in duplicate once the form has been finalised.

Synthesis, presentation and discussion of results {#s2d}
-------------------------------------------------

Results will first be synthesised through a descriptive numerical summary and a narrative account of the literature.[@R26] The numerical summary will characterise included records in terms of their year of publication, type of record, context of use, etc. The literature will also be organised thematically in terms of the type of digital technology identified, their degree of implementation and the evaluation of their effectiveness. A framework-based synthesis approach will be used to map digital technology use onto known and emerging dimensions of LHSs, helping to understand the way in which digital technology is being leveraged for LHSs.[@R25]

While the exact format for reporting the numerical and narrative summaries cannot be fully decided before data extraction, we envision creating an overview table to communicate the numerical summary and data charts to communicate the results of the thematic analysis. A visual representation of LHS dimensions will most likely be used to report the results of the mapping exercise.

This review will identify research gaps and avenues for future research and may recommend practices for reporting on the design and use of digital technology in LHSs. Implications for practice and policy will be ascertained once results are finalised, in consultation with the study's knowledge users (MF-K-F and JK) and additional stakeholders, as described below.

Consultation and knowledge mobilisation {#s2e}
---------------------------------------

We use two strategies for stakeholder engagement. The first strategy focuses on involving two physician knowledge users as active members of the research team. One knowledge user has led the creation of a successful regional learning health system focused on cancer care (MF-K-F), while the other is both a physician and a health informatics expert and has many years of experience leading medical informatics development and implementation projects (JK). These members are and will continue to be involved throughout the review process from the articulation of research objectives to the interpretation of the results. The second strategy focuses on consulting with additional stakeholders to add methodological rigour to the review process, and to integrate additional sources of perspectives, meaning and applicability to the scoping review.[@R26] In this phase, preliminary results will be shared with stakeholders to support interpretation of preliminary findings for practice and policy, and to inform future research. We will try to identify stakeholders with varied expertise and playing a variety of roles within healthcare organisations, including information technology specialists, physicians and clinical managers. This will ensure that research findings account for perspectives related to the different dimensions of LHSs (organisational, technical, clinical, etc). Additional knowledge translation is planned through the dissemination of review findings at relevant conferences and the publication of results in peer-reviewed journals. The process of engaging stakeholders is meant to support knowledge mobilisation, in particular to build partnerships for the development of LHS initiatives.[@R28]

Despite its contributions, this scoping review will have a number of limitations. The most important limitation is records selection bias that will result from limiting the search strategy to records self-identified as LHS. While this approach follows other systematic and rapid reviews,[@R15] it could exclude sources that describe LHSs using related terms such as quality improvement.[@R14] This choice is justified because the relationship between LHSs and related approaches remains to be clearly articulated despite a number of recent articles exploring the links among comparative effectiveness research, quality improvement and LHSs.[@R41] Future research could focus on clarifying the characteristics of LHSs in order to differentiate between, for example, quality improvement projects of local scope and continuous quality improvement initiatives implemented across health organisations that may indeed qualify as LHSs. This issue leads to a second limitation, namely that self-identification as a basis for identification and selection of records could result in the inclusion of records that do not fully correspond to the IoM definition of LHSs. We mitigate this issue in part by the eligibility criteria used for screening, which will result in the exclusion of records that mention one or more terms related to LHSs but where LHSs are not the context or focus of the study. Nevertheless, we acknowledge that including records not truly referring to LHSs is a risk of the review. This risk is, again, partly mitigated through data charting items 10 and 11; indeed, these points will allow us to report on the number and content of records that either do not correspond to recognised types of LHSs, or that use or recommend digital technology that do not comprehensively support learning phases within an LHS. A third limitation is the absence of quality assessment of selected records, a limitation inherent to scoping reviews. An important implication of this limitation is that research gaps identified through a scoping review may reflect gaps in reporting methods rather than gaps in research practices.[@R26] This limitation will be mitigated by clearly articulating if findings and conclusions are derived from missing data (thus potentially from reporting issues) or from data themselves.

Patient and Public Involvement {#s2f}
------------------------------

There was no involvement of patients or the public in the creation of this protocol.

Conclusion {#s3}
==========

This paper presents the protocol for a scoping review of academical and grey literature on the topic of digital technology for self-identified LHSs. It will provide a detailed yet holistic understanding of if and how digital technology is being used to make the LHS vision a reality, as envisioned by the individuals and organisations that articulated it.[@R4] Doing so, it may identify research or reporting gaps related to the type of digital technology currently leveraged for LHSs, the transparency of their development methods, their degree of implementation and use and the support they provide to LHSs. The review also has policy implications as governments around the world look to improving the efficiency and outcomes of their health organisations and systems. Understanding how technology can support LHSs may contribute to funding planning and policies designed to stimulate local LHSs. Healthcare providers may also be interested in the results as digital technology is likely to change their practice over the years to come. Provider engagement will be essential to the successful implementation of LHSs and the digital technology that support them. Lastly, these findings will be used to articulate recommendations for future research.
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